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CLAIMS 



What is claimed is: 




V A method for tracking a GDMA pilot channel signal to discipline an oscillator, 
comprising: \ 

downconverting an RF signal from a RF center frequency f^F to an intermediate center 
frequency^ where f L is greater thanW equal to a CDMA chip rate f c , wherein 
downconverting includes incorporating bandpass filtering to remove extraneous signals while 
passing said CDMA pilot channel signVl; 

converting a signal format fromtanalog to digital using a single analog-to-digital 
converter employing a sampling rate of A to create a digital signal {s(n)}\ 

employing a correlation circuit to establish a correlation between {s(n)} and locally 
generated versions of I-channel and Q-chahnel PN signals, {Ip N (n)} and {Q PN (n)}, 
respectively; and \ 

generating an estimate of a frequency error of the oscillator using correlation values 
corresponding to (2M+1) time shifts of {IprfM} and {Q P N(n)} 9 the (2M+1) time shifts being 
K— Am, K-A(m-i),..., K-A 2 , K-Ai, K, and K+A, K+A 2 ,..., K+A(M-i), K+A m , where a time 
shift of K corresponds to a time shift that provides the maximum correlation value, and M is 
greater than or equal to 1 . \ 

2. The method of claim 1 , wherein the samplmg rate,^, the intermediate center 
frequency,/ L , and the chip rate^, are related by/ s =W C , and/ L =f G +k/s for k=0. 

3. The method of claim 1 , wherein the samplingWe,^, the intermediate center 
frequency,/ L , and the chip rate^, are related by^ =4 A, and/ L =f c +kf s for k=l . 

4. The method of claim 1, wherein the sampling rate,^, the intermediate center 
frequency, f u and the chip rate/;, are related byf* =4f Cj lndf L =f c +kf s for k=2. 

5. The method of any of claims 2-4, wherein the correlation circuit uses a single 
accumulator for generating both an in-phase ( e 'real")part anH a quadrature ("imaginary") part 
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of a complex correlation between the digital signal {s(n)} and a given time shifted version of 
the locally generated versions orAIprfn)} and {Qpufn)}. 

6. The method of claim 5, whei^in both positive overflows and negative underflows are 
monitored. 

7. The method of claim 1, wherein\a matched filter is not employed. 

8. A receiver for performing the method of claim 1. 

9. The method of claim 1, wherein the correlations are computed at time shift lags which 
are commensurate with the sampling rate. 

10. The method of claim 9, wherein the correlations for lags smaller than the sampling 
interval are synthesized using a digital signal processing. 

11. A receiver for performing the method of clalp 1, further comprising an autonomous 
background correlator. 

12. A receiver for performing the method of claim 1, further comprising an autonomous 
background correlator computing correlations over a pe^jod less than the time period of the 
PN signals. 

13. A receiver for performing the method of claim 1 wherein correlation values for a lag 
are averaged over multiple periods of the PN signals. 

An apparatus to track a pilot signal, comprising: 

a correlator circuit adapted to compute a complex correlatibai between a received 
version of the pilot signal and locally generated versions of I-channeK^nd Q-channel PN 
signals, {Ip N (n)} and {Qpn(^J} 9 respectively. 
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15. The apparatus of craim 14, wherein said correlator circuit includes an FPGA. 

16. The apparatus of claim 14, wherein the correlator circuit includes a single 
accumulator that computes botk the real and imaginary part of the complex correlation. 

17. The apparatus of claim 14, norther comprising a signal processor circuit coupled to the 
correlator circuit. \ 

1 8. The apparatus of claim 14 whera said signal processor circuit includes a DSP. 

19. The apparatus of claim 17, whereiAthe signal processor circuit averages correlation 
values over multiple time periods of the PNXsignals. 

20. A receiver including two of the apparatus according to claim 14 that are operated in 
parallel. \ 

21. The receiver of claim 20, wherein at leasAone correlator computes correlation values 
over a time period of less than one period of the PN signals and is used as an autonomous 
background correlator. \ 

22. A method of tracking a CDMA pilot signal that comprises utilizing the apparatus of 
claim 14. \ 

A method for tracking a CDMA pilot channel to discipline an oscillator, comprising: 
downconverting the RF signal from the RF center frequency,/^, to an intermediate 

center frequency of f L , where f L is greater than or equal tb the CDMA chip rate,^, said 

downconversion incorporating bandpass filtering to remcwe extraneous signals while passing 

said pilot channel signal; \ 

converting signal format from analog to digital using a single analog-to-digital 

converter employing a sampling rate off s to create the digital signal {s(n)}\ 
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employing correlationuo establish the correlation between {s(n)} and locally 
generated versions of the I-chaAnel and Q-channel PN signals, {IpN(n)} and {QpxCn)}, 
respectively; and \ 

generating an estimate of thk frequency error of the oscillator using correlation values 
corresponding to (2M+1) time shifts of the locally generated versions of {I PN (n)} and 
{QpN(n)}> said time shifts being K-A m Vk-A(m-i),. . K-A 2 , K-A u K, and K+A u K+A 2 ,. 
K+A(M-i), K+A M , where time shift of K corresponds to the time shift that provides the 
maximum correlation value, and the valueW M is 4. 

^ A method of tracking a pilot channel, Comprising: 

disciplining an oscilator including generating a spectrum shaped channel pilot signal 

{ y( n )) from a chip-rate PN sequence {i(n)} by: \ 

oversampling the chip-rate PN sequence {i(n)} at a higher sampling rate to 
yield a signal {a(n) } ; \ 

passing {a(n)} through a first FIR filter whose impulse response coefficients 
are {g( n )} to yield a signal {J3(n}; and \ 

filtering {p(n} with a second FIR filtertto yield the spectrum shaped channel 
pilot signal { y(n)}. \ 

25. The method of claim 24,. wherein the spectrum skaped channel pilot signal { y(n)} is 
a spectrum shaped I-channel pilot signal \ 

26. The method of claim 24, wherein both positive overflows and negative overflows are 
monitored. \ 

27. The method of claim 24, further comprising translating the spectrum shaped I channel 
pilot signal { y(n)} down to a zero-offset-carrier frequency singtal {s(n)}. 

28. The method of claim 27, further comprising translating tfee zero-offset-carrier 
frequency singal {s(n)} down to a baseband signal {w(n)}. \ 
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29. The method of claim 24, wherein a sampling clock is derived from a VCXO that is 
phase-locked to a reference frequency. 

30. The method of claim 2\ wherein a correlation is computed at lags which are 
commensurate with a sampling rate. 

3 1 . The method of claim 24, wherein a matched filter is not employed. 

32. A receiver for performing the method of claim 24. 

33. The method of claims 24, whereiAthe spectrum shaped channel pilot signal { y(n)} is 
a spectrum shaped Q-channel pilot signal. \ 

An apparatus to track a pilot signal, comprising: 

a correlator circuit adapted to oversample a chip-rate PN sequence {i(n)} at a higher 
sampling rate to yield a signal {a(n)}, pass {am)} through a first FIR filter whose impulse 
response coefficients are {g(n)} to yield a signal {p(n} \ and filter {/3(n} with a second FIR 
filter to yield a spectrum shaped pilot channel signal { y(n)}. 

35. The apparatus of claim 34, wherein said correlator circuit include a FPGA. 

36. The apparatus of claim 34, further comprising 

a signal processor circuit coupled to the correlator circuit. 

37. The apparatus of claim 34, wherein said singal processor circuit includes a DSP. 

38. The apparatus of claim 36, further comprising an\A/D convener coupled to said signal 
processor circuit. \ 

39. The apparatus of claim 24, wherein the first FIR filter includes a 4-point FIR filter 
having all 4 coefficients at least substantially equal. \ 
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40. The apparatus of ci^im 24, wherein the second FIR filter includes a 48-point FIR 
filter. 

41 . A method of tracking a C^DMA pilot channel which comprises utilizing the apparatus 
of claim 24. 

42. The apparatus of claim 24, fu^her comprising an autonomous background correlator 
coupled to the correllater circuit. 



43. A receiver comprising at least twd of the apparatus according to claim 24. 
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